Achieve adequate safety of dams against earthquakes is of particular importance, given that many dams have been constructed in seismic areas. In this study, the finite element method and ABAQUS software was used to o evaluate the performance of the SARIYAR dam in several earthquake with different nature of frequency. Dam-Water-Sediment-Foundation interaction was applied in the model to simulate the conditions affecting the response of the dam in a way that is consistent with the fact. Also ten different earthquake with near and far fault was selected to apply in the system. The impact of changes in the water level of the reservoir was also evaluated. The results indicated that the displacement was increased with rising in the water level. In Addition the far fault earthquakes had a significant influence on dam body responses in all cases.
INtroDuctIoN
It is impossible to handheld computing of dam analysis due to existence numerous complexity in the interaction between related parts to dam. Hence the use of numerical tools such as finite element methods has become a standard principle in the dam engineering. Remarkable developments in software and hardware technology, allows to dam engineers to perform sophisticated numerical analysis with a high speed. Numerical simulation model of the dam-foundation system have been developed for different purposes. Determination of water-related structures such as dams and reservoirs, against hydrodynamic loads in structural design has a particular importance. The complexity of the models considered for the analysis of dams will be greater when considered several factors such as sediment in the model. Success in such studies requires an understanding of material behavior of dam, the dynamic load on the structure and selecting a good model for analysis. Westergaard studied the dynamic behavior of dam in the case of two-dimensional and under small periodic motions of the Earth. Kutsubo showed that the Westergaard solution was true just for vibrations with frequencies lower than the natural frequency of the reservoir [1] . Chopra had generalized Westergaard solution. He showed that the hydrodynamic pressure response of horizontal ground motion is a function of different values in general. So that whenever earth frequency is less than the first natural frequency of reservoir, the imaginary part of the answer of dynamic response disappears and the Westergaard solution has correct answers [1] . Asteris et.al discussed the nonlinear responses of the dam and reservoir system. They focused on the creation of an appropriate nonlinear model for concrete. After that analyzed different states may come to a concrete gravity dams under earthquakes in the nonlinear operation area of materials [2] . Gao-Lin et.al was studied the Xialuodu dam constructed in china. They considered a 30% increase in allowable stress under earthquake excitation and 30% increase in the modulus of elasticity in dynamic mode and the damping ratio of 0.05 in modelling. Finally concluded that flexibility of the foundation causes a change in the frequency modes of dam-foundation motion [3] . Zhang et.al analyzed three-dimensional shape of the valley in the massive and massless cases. In the case of massive, viscous boundary conditions were defined. Radiation waves caused by earthquakes in two orthogonal directions were excretion by the damper, at the end edge of the adsorbent and do not return to the dam system. The effect of gravity on the foundation was ignored to define a massless case. In this model, the foundation actually acts as a spring. For modeling of the fluid, the water is also considered to be incompressible. Thereafter the dam was modeled and analyzed in both linear and nonlinear behavior [4] . Sherong Zhang and Gaohui Wang were analyzed near and far-fault earthquakes effects on the dynamic response of concrete gravity dam. They evaluated nonlinearity of materials and structural failure rate occurred in several cases [5] .
In this study, the main trend of the dam response was generated, with considering a general condition of the dam and studying it's responses in all states. Scenarios have been considered for dam including several specific cases. These include effects of changes in the water level of the reservoir that happens for a dam in the different periods of construction, dewatering and exploitation. Also evaluation of the dam responses under near and farfault earthquakes and impact of earthquake direction on the structural behavior.
Investigation of the Interactions Dynamic Interaction of Dam-Water
In the two-dimensional finite element model, the interaction of water and structural equation is as follows [6] :
... (1) In which P, C11 and å í are related to pressure, bulk modulus and volumetric strain of fluid respectively. w is the rotation about the axis normal to the plane, P w is the rotational stress andC22is the constraint parameter. In this study, the equations of motion of the fluid system are obtained using energy principles. Using the finite element approximation, the total strain energy of the fluid system may be written as [6] :
Where U f and K f are the nodal displacement vector and the stiffness matrix of the fluid system, respectively. An important behavior of fluid systems is the ability to displace without a change in volume. For reservoir and storage tanks, this movement is in the form of sloshing waves in which the displacement is in the vertical direction. Therefore, the effects of surface waves and sloshing behavior of the fluid must be taken into account. It is possible to describe the behavior of the free surface of the fluid in terms of the potential energy of the fluid. The potential energy of the systems due to the free surface motion can be written as [6] :
Where U sf and S f are the vertical nodal displacement vector and stiffness matrix of the free surface of the fluid system, respectively. In addition, the kinetic energy of the system can be written as [6] :
... (4) Where U f and M f are the nodal velocity vector and the mass matrix of the fluid system, respectively. The equations of motion for a system can be derived directly from Lagrange's equations. These equations are a direct result of Hamilton's variations principle under the specific condition that the energy and work terms can be expressed in terms of the generalized coordinates and of their time derivatives and variations. If equations (2)- (4) are combined using the Lagrange's equations, the following set of equations can be obtained [6] :
... (5) In which and are the system stiffness matrix including the free surface stiffness and the nodal acceleration vector, respectively. R f is a time varying nodal force vector defined as -M f a g when the earthquake ground acceleration is applied to the fluid system in which a g is ground acceleration vector.
Dynamic Interaction of Dam-Foundation
In this section dynamic equilibrium equations of dam-foundation interaction have been studied. Model is divided into three groups of nodal points including: 1) Joint nodes of dam and foundation showed with b; 2) Nodes of the dam that is shown by u; 3) Nodes of the foundation that is shown by f.
Equilibrium equations of the dam-foundation system in terms of displacement r to free field movement u is as equation (6), using the direct stiffness in structural Analysis: ... (6) In the above equation M, C and K are matrixes of mass, damping and stiffens, respectively. u u is the motion dam rigid body, if free field movement of foundation u b be fixed [7] . So:
... (7) Also dynamic equation of free field movement requires that [7] :
... (8) Therefore, by simplifying the right side of equation (6), this can be expressed as follow:
... (9) According to equation (9), it can be seen that right hand of this equation is without mass and viscous damping in foundation. Just need to conversion the time history functions to the frequency functions to transfer from the time domain to the frequency domain. Displacements have a harmonic behavior for harmonic excitation with ù frequency. Displacement vector can be expressed as [7] . 
Dynamic Interaction of Dam-Sediment
Substr ucture method was used to investigate this interaction. In this method interaction of dam-sediment has been divided into a series of simple sub interaction. Then the results combined to each other using the superposition principle of forces [8] . In this way it is assumed that the interaction is happened just in the boundary of substructures. Equation of motion can be written as equation
... (10) Force and displacement vector for applied harmonic excitation with ù frequency, can be written as follow [8] :
... (11) ... (12) In which {Q} and {u} are force and displacement complex vectors in ù frequency. Eventually equation of motion is as follow for each frequency [8] :
... (13) ... (14) 
appendix h: Displacement time history graphs in 2/3 of reservoir under near fault earthquakes appendix I: Displacement time history graphs in full reservoir under far fault earthquakes

Specifications of the Earthquakes
One of the most impor tant par ts of modeling the dynamic analysis, is select and apply an amplitude of earthquakes into the model. For this propose, ten earthquakes with different nature of frequency near and far fault were chosen and applied to the interface of dam-foundation interaction surface, in acceleration amplitude. The SEISMOSIGNAL software also used to scale the accelerations to 0.15g based on USBR regulation [9] . It should be mentioned that according to this regulation earthquakes with fault distance over of 10 km from the ground level are known as far fault earthquakes and with less epicenter depth are considered in design as near fault earthquakes. Five earthquake including CHI-CHI, FRIULI, HOLLISTER, LOMA PRIETA and TRINIDAD are near fault earthquakes. The other five including IMPERIAL VALLEY, KOCAELI, KOBE, LANDERS and NORTHRIDGE, have epicenter more than 10 km and used as far fault earthquakes [10] . All seismic acceleration spectrum used in this research is presented in appendix A and B.
case Study
Model of a real constructed dam that the geometry and materials specifications used in the dam was available, had simulated. This is done for compliance with reality. To this purpose, SARIYAR concrete gravity dam was used as a case study. The dam is located in the Nallihan village, Ankara, Turkey and it was constructed in 1956 AD to produce hydroelectric power [6] . Dam height from foundation is about 90 meters, width of crest at the top of dam is 7 meters and it rise 72 meters in bottom of dam body [6] .
Finite Element modelling
History of the finite element method is related to the early 19th century and practically in 90s was developed as a classical from and entered in engineering issues. This method has two features that distinguishes it from other existing methods [11] , including: a) An integral formulation is used to create a system of algebraic equations; b) Smooth functions used to approximate the unknown parameters [11] .
The finite element method can be divided into five main stages: a) Dividing the area into several sub-areas called Elements; b) Determining an initial approximation to the solution as a function of the constants coefficients, which are either linear or second order; c) Extraction system of algebraic equations; d) Solving the system of generated equations; e) Calculating other quantities from the nodal values [11] .
In this study, ABAQUS software was used to solve the finite element method equation and analyzing the dam-reservoir-sediment-foundation system. Model geometry was created similar to that shown in Figure 1 . Also material properties is in accordance with Table 1 . ... (15) In which â represents the shape of stressstrain curve and is presented as follows [12] :
... (16) Two different failure mechanisms of concrete are tensile failure and compressive failure. Parameter is tensile strain hardening and is compressive strain hardening that showed in the Figures 2 and 3 [21] .
... (17) ... (18) ... (19) May be due to inadequate characterization of materials, amount of and in some cases be negative. In this case, error command will be issued by the software [13] .
...(20) ... (22) Returned hardening, is one of the most important parts of analysis during the hysteresis behavior of concrete. Compressive or tensile stiffness reversible factor can be determining in the software [13] .
... (23) ... (24) Laboratory data usually are consists of nominal strain and stresses and not true quantities. So, to implement these parameters into the software, they must be converted to their actual values [13] .
In which and are nominal strain and stress, respectively. Also and are their actual values. The difference between nominal and actual values increases with rising in strain and stress. Not Consideration of this fact can lead to significant errors in the results [13] . Numbers related to graphs for plastic failure of concrete obtained from the above equations, are provided in Appendix C. All the studied accelerations spectrum were applied to the boundary surface of dam-foundation. In applying the boundary condition, it was considered a positive sign (to the downstream) and a negative sign (on the upstream), to evaluated the impact of the earthquake direction. In addition, three different modes for the reservoir were simulated including full, two-thirds and one-third of reservoir volume. Finally sixty obtained answers were compared to each other.
rESultS aND DIScuSSIoN convergence analysis of meshing
Mesh convergence analysis was conducted to obtain the optimal number of mesh used in the model. Sensitivity analysis is a useful ways to reducing the error of large mesh and avoid spending too much time for analyzing result by very small mesh. For this purpose, 5 different values for the number of mesh are considered and. Also effect of the elements type on the obtain response was assessed. Approximate dimensions and number of elements in the two different types can be seen in the table 2.
In the above table, CPS4R element is a continuous plain stress four-point reduced integral element and CPS3 is a continuous plain stress threepoint element. Under CHICHI earthquake loading with full reservoir and to the downstream, dam crest displacement time history graphs were obtained for each case of meshing. The maximum displacement extracted for each graphs and was considered as a comparison index for convergence. In CPS4R element with 10 meters approximately size (635 elements), the maximum displacement reached to 4.5 cm. By reducing the size of the elements to 7 m, the two lines collided to each other and reached to 5.5 cm. Then increase the number of element had not a significant effect on the structural response and still remained in the amount of 5.5 cm and the system was converged. The number of CPS3 elements in this size is 2372 and it is 1212 for CPS4R. So Selecting the CPS4R mesh type can have a significant impact in reducing the time of analysis in software. Therefore, in this study, the CPS4R element type with approximately size of 7 m was used.
Dam Seismic responses
For naming the models, the name of earthquake at the beginning, then the water level and at the end direction of earthquake was coming. Displacement time history graphs of dam crest is presented in appendix D to I. As regards the vertical axis of the graphs represents the dam crest displacement in meters and horizontal axis shows the time in seconds. The behavior of structures during 40 Seconds of all earthquakes was presented. Absolute maximum displacement was extracted from the graphs and discussed.
coNcluSIoN
Evaluating the behavior of SARIYAR dam under the various scenarios that may happen to it, specified that in dam site with high probability of far fault earthquake occurrence, analysis related to sudden loads such as blast and impact loads should be used. Also for structure that are built in near the fault evaluation of two first modes of the structure will suffice. Dams constructed in far distance of fault, the frequency and modal analysis and also exact determine of vibration characteristics of the dam is needed.
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